In this letter we report the possible existence of a second planet in the transiting extrasolar planet system HD17156 and its interactive dynamics with the previously known planet. The analysis is achieved through the POFP optimization software which is based on a full integration of the system's multiple-body Newtonian equations of motion. The two-planet solution yields a significantly improved fit to the previously published radial velocities. The two planets are strongly interacting and exchange angular momentum, yet remain stable as they mutually excite orbital eccentricities and periastron advances.
Introduction
By virtue of its unusual characteristics, HD 17156b is one of the most valuable extrasolar planets for understanding planet formation and orbital dynamics. Discovered via the Doppler technique by the N2K consortium (Fischer et al. 2007) , the planet was found to transit its host star by the TransitSearch.org collaboration (Barbieri et al. 2007 ). Additional transit observations and refined system parameters are given by Gillon et al. (2008) , Narita et al. (2008) , and Irwin et al. (2008) . The planet radius and mass are approximately 1 R Jup and 3 M Jup , giving a density of ∼ 3.5-4.0 g cm −3 , nearly three times that of Jupiter. More interesting however are the planet's orbital characteristics: (i) The 21.2 d orbital period is roughly a factor 7 times longer than most 1 other transiting planets; (ii) While most hot Jupiter planets have low eccentricities (the majority consistent with zero), HD17156b has a very high eccentricity of e=0.67. Although the high eccentricity coupled with the small semimajor axis (0.16 AU) does not necessarily require the presence of a third body perturbing the planet's orbit (Gillon et al. 2008) , it suggests that such a body may be present. In this work we examine the published radial velocities of Fischer et al. (2007) and the transit times as given in Irwin et al. (2008) using a Newtonian (not Keplerian) 3-body integrator and conclude that a second planet is not only possible, but highly probable. Notably, while the two planets exhibit strong dynamical interaction leading to large eccentricities and periastron advances, they remain stable via a clever exchange of orbital angular momentum.
Method
Evidence for a second planet and its dynamics was determined using the Planetary Orbit Fitting Process (POFP), which is an optimization software written and operated in MAT-LAB -see Windmiller, Short & Orosz (2007) and Short, Windmiller & Orosz (2008) . The POFP provides multi-body solutions based on a full integration of the Newtonian equations of motion. Its solutions are general in their three-dimensional geometry and encompass all possible pathologies of the orbital dynamics. In order to compare between the variety of solutions, any published Keplerian-based solution is translated into the same initial conditions used by the POFP scheme (i.e. the vectors of displacement and velocity in three dimensions at the given epoch) and reproduced in a setting allowing for gravitational interactions between all bodies in the system. POFP parameterizes a subset of all possible Newtonian initial conditions by requiring that these conditions for each planet instantaneously satisfy the Keplerian conditions for a bounded elliptical orbit. The stellar velocity in three dimensions resulting from the integration is used to calculate the observer's direction from which this velocity best describes the radial velocity data. This is done by applying the singular value decomposition to optimize a least square solution for the 'look vector' pointing to the observer. The result is put in terms of the inclination and the argument of periastron (i, ω respectively), of the first orbit.
HD17156c
This analysis of the HD17156 system uses the currently published Keck and Subaru radial velocity data from Fischer et al. (2007) and the 4 transit times as listed in Irwin et al. (2008) . In the following discussion we have omitted the radial velocity data of Narita et al. (2008) since these data are influenced by the Rossiter-McLaughlin effect, but their inclusion has essentially no effect on the results. Using the POFP scheme, we have reproduced the parameters of the planet HD17156b as reported in Fischer et al. (2007, their Table 3 ). In our one-planet solution we found that an additional 0.14 ms −1 offset added to the Subaru data set gave a slightly better fit. We computed a power spectrum of the residuals of this fit by generating 500 synthetic data sets with random scatter consistent with the published uncertainties and further augmented by 3 ms −1 of jitter, following Fischer et al. (2007) . The individual power spectra were then averaged and revealed a peak at approximately 100-200 days (see Fig. 1 ). To assess the significance of this peak we repeated this process using the case of no signal but the same augmented uncertainties to determine a "baseline". The peak is significantly above this baseline, and led us to investigate the possibility of a second planet. Optimizing with POFP, we then found a probable planet, HD17156c, with a period of 111.3 days. The two-planet solution improves both the root mean square (rms) velocity residuals and the reduced χ 2 on both the radial velocity data and the observed transit times (see Table 1 ). The ensemble averaged periodogram for the two-planet solution residual exhibits no additional outstanding features.
To investigate the dynamics of this two-planet system, we integrated the Newtonian equations of motion for 10 6 days, recording position and velocity of all bodies every 1000 days. This represents ∼ 47, 130 orbits of HD17156b and ∼ 8, 944 orbits of HD17156c. We found that the inner planet HD17156b maintains an almost constant semi-major axis of 0.1596 AU, a slowly oscillating eccentricity having a period of 212.7 years with e between 0.665 and 0.670, and an advance of its periastron of 23.6 degrees during the 10 6 days of integration time. Thus, there are two long term cycles of approximately 212.7 yr and 37,700 yr. Meanwhile HD17156c exhibits an oscillation in eccentricity with a pronounced amplitude, varying between e = 0.10 and e = 0.50, in a near-mirror image of the eccentricity oscillation of planet b (see Fig. 2 ). These complementary oscillations of the eccentricities provide a very interesting example of angular momentum inter-exchange. The semi-major axis of planet c varies between ∼ 0.465 and 0.5 AU and the position of its periastron completes a 212.7 yr cycle in step with the changes in the eccentricities. Furthermore, for each 212.7 yr cycle, there will be an orbit of maximum eccentricity for planet c. Over 37,700 years the periastron of this maximum eccentricity orbit will advance slowly, and synchronously with the precession of the periastron of planet b. As a result of this tight coupling between the orbits, the stability of this system is maintained by keeping an approximately 0.14 AU buffer between the two planets' orbital paths. This is illustrated in Fig. 3 , showing the change in the orbital configuration caused by planetary interaction. Over a span of half the 212.7 yr cycle we see planet c's eccentricity change dramatically. The lower left panel shows a much larger advance in time and is a snapshot of a maximum eccentric orbit of planet c; notice the simultaneous precession of both planet's periastra at the longer 37,700 yr cycle.
Discussion
Additional radial velocity data would greatly help confirm and constrain specific parameters of the 2nd planet. However, the general dynamics of the 3-body interactions are already well determined. Using the current observations and our 2-planet POFP model we can make several observable predictions. The divergence between the velocities derived from the one-planet reproduction and the two-planet solutions is shown in Fig. 4 . At present the differences in radial velocity predictions between the two models become larger than 10m s −1 at the peaks of the graph, occurring at the time of periastron of planet b. In particular, for the epoch of periastron of planet b at HJD 2454650.96 (UT 2008 Jul 3) a difference of 25 m s −1 is predicted. The radial velocities predicted at that time are −165.5 m s −1 for the one-planet solution and −140.5 m s −1 for the two-planet solution, referenced to the Keck radial velocities baseline. Another observable is the time of transit of planet b. While this is slowly advancing on the 37,700 yr cycle, there is a much larger and rapid modulation in planet b's instantaneous period, i.e. the time between sequential transits. The near-future predicted instantaneous period is shown in Fig. 5 . Monitoring planet b's transit times and computing an O-C diagram should reveal the presence of planet c, and these transit times are very helpful in further refinement the system parameters.
Finally, planet c may in principle also be detected via the transit method. Unfortunately, however, planet c is not expected to transit the host star if its orbit is coplanar with that of planet b (e.g. i = 88.2 • , Gillon et al. 2008) . Given the orbital parameters in Table 1 , a transit should occur for inclinations larger than about 89.3 • . Assuming the second planet has the same density as the first, its radius should be about 0.3R Jup . For an inclination of 90 • the transit depth will be a little over 1 mmag, and it should last about 14.8 hr in time. On the other hand, since the star's rotational velocity is much larger than the K-velocity of planet c, the Rossiter-McLaughlin effect caused by planet c should have an amplitude near 1 m s −1 , which should be observable. Given the fact that the Solar System planets have inclinations that are a few degrees different from one another, there is not an unreasonable hope that planet c could have a high enough inclination to cause a transit, making a search worthwhile.
While the parameters of the probable planet c are poorly constrained, the qualitative dynamical aspects of such a system are of interest. This case provides an example of an interesting interaction between a high eccentricity "Hot Jupiter" planet and a second planet found further away from the star. The predicted near-term observables should provide guidance to future observations of this system and may provide a possible explanation to any variations seen in observed transit times. 
